Abstract. The DANCE (Detector for Advanced Neutron Capture Experiments) array located at the Los Alamos national laboratory has been used to obtain the neutron capture cross sections for the 175 Lu and 176 Lu isotopes with neutron energies from thermal up to 100 keV. Both isotopes are of current interest for the nucleosynthesis s-process in astrophysics and for applications as in reactor physics or in nuclear medicine. Three targets were used to perform these measurements. One was nat Lu foil and the other two were isotope-enriched targets of 175 Lu and 176 Lu. The cross sections are obtained for now through a precise neutron flux determination and a normalization at the thermal neutron cross section value. A comparison with the recent experimental data and the evaluated data of ENDF/B-VII.0 will be presented. In addition, resonances parameters and spin assignments for some resonances will be featured.
Introduction
Neutron capture cross sections are of current interest in nuclear astrophysics and for the nuclear reaction models. Nuclear data for both topics are crucial to improve the predictive capabilities of the models. On one hand, the synthesis of heavy elements is dominated by neutron induced reactions. The thermonuclear reaction rates are critical for understanding these reactions. The reaction rates needed for s-process nucleosynthesis are particularly amenable to experimental investigation as the s process follows the valley of beta-stability, making most of the reactions of interest take place on stable isotopes. 175 Lu is an important waiting point while 176 Lu exhibits a thermally enhanced beta decay rate, making it a sensitive branch point, both for estimating neutron densities as well as temperatures at the nucleosynthesis site [1, 2] . Typically, the neutron capture reaction rates are obtained by measuring the neutron capture cross section using a neutron spectrum similar to a Maxwell-Boltzmann distribution at a given stellar temperature [3] . To get a complete set of such data between 5 keV and 100 keV stellar temperatures, we need to use cross sections for a neutron energy range as wide as possible. On the other hand, this kind of experiments provides also the opportunity to further constraint reaction models obtaining nuclear structure information like resonance spin assignement and level density [4] or testing the gammarays strenght functions [5, 6] . To check the predictive capabilities of nuclear reaction models, we have envisaged to pursue performing such experiments on some Lu unstable isotopes as the 173 Lu. By combining the capabilities of the Los Alamos Neutron Scattering CEnter (LANSCE) accelerators and the Dea e-mail: olivier.roig@cea.fr tector for Advanced Neutron Capture Experiments (DAN-CE) array, neutron capture measurements on the 175 Lu and 176 Lu isotopes have been undertaken from thermal neutron energy to few hundred keV using isotope enriched targets. Here we report on the determination of the neutron capture cross sections on the 175 Lu and 176 Lu isotopes and the resonance characterisation using a R-matrix code.
Experimental setup

The DANCE detector
The DANCE detector at the Los Alamos Neutron Science Center (LANSCE) flight path is located at 20 m from the white neutron source of the Lujan Center. This neutron production is based on spallation reactions on a tungsten target. The DANCE detector consists of 160 BaF 2 crystals in a 4π geometry. These crystals detect gamma-rays following neutron capture with high efficiency about 86% at 1 MeV. The efficiency of gamma cascade is typically around 98%. Its high segmentation enables gamma multiplicity measurements and high counting rate. The fast timing allows precise gamma-gamma coincidence and time of flight measurements. Small or radioactive samples can be used. The acquisition system uses the technique of digitization to maximize the data available from the detector. For that, DANCE acquisition has high speed digitizer cards at 500 MSamples/s (1 point each 2 ns), managed by 14 frontend computers. An on-line analysis is performed to store reduced waveform consisting in the integrals of the slow and fast signal components, times and multiplicities for an acquired event [7] . 
The Lu targets
Four targets were used to perform these measurements. Characteristics of these targets are reported in Table 1 . The nat Lu target was a metallic foil. The electrodeposition technique has been used for most of these isotopically enriched targets except the 176 Lu target for which a mass separator [8] was used to extract and deposit the 176 Lu isotope. A 173 Lu target was exposed to the neutron beam at DANCE. This radioactive target of 173 Lu was produced at the Isotope Production Facility in Los Alamos following by a hot chemical separation.
Data analysis
Each experiment have taken 10 days of beam. The goal of the data analysis was to get the cross section σ (n,γ) according to this formulae 1
where N (n,γ) is the yield of the neutron capture events at one neutron energy bin. To determine the absolute cross section, the detection efficiency ǫ was extracted from the simulation code GEANT4 [9] using an input file from a gamma cascade code [10] . Some cuts were applied on our data. To correct these selections, the cut efficiencies have been determined. A BF 3 beam monitor was used to get the neutron flux φ(E n ). This flux was normalized using a gold sample placed at the target position. The data analysis for a DANCE experiment is well described in reference [11] . Following results presented in this paper are normalized cross sections at E n =0.0253 eV from the reference [12] .
Results and discussion
The 176 Lu isotope
The results on 176 Lu(n,γ) cross section are shown in Fig. 3 .1 and 2. The R-matrix SAMMY code [14] is used to fit the experimental data using the ENDF/B-VII.0 evaluations as initial resonance parameters. The resonance energies, Γ γ and Γ n widths were free parameters for all resonances. A very good agreement with DANCE data is found in the resonance region. subtraction was very efficient in the resonance region. Table 2 presents some resonances parameters extracted from the SAMMY code. Figure 2 shows the cross section measured at higher energy with the evaluated data from ENDF/B-VII.0. DANCE cross section only normalized at the thermal neutron energy is in good agreement with previous data from H. Beer [16] , K. Wisshak [3] and the evaluated cross sections.
Considering only s-wave resonances, the compound nucleus formed by the (n,γ) reaction on the J π =7 − ground state of the 176 Lu can have resonance spins of 13/2 or 15/2. A preliminary study of the averaged γ multiplicity distribution shows that we are able to distinguish between spins of s-wave resonances. Figure 3 shows the difference of the averaged multiplicity. Spins indicated in Fig. 3 are from the reference [12] . The spins of unassigned resonance could be attributed. At higher neutron energies, methods proposed by S. Sheets et al. [4] and P. Koelher et al. [17] should be CNR*09 
The
175 Lu isotope Figure 4 shows cross sections concerning the natural Lu neutron capture reaction. As the natural Lu isotopes is mostly compound of the 175 Lu isotope (97.41%), cross section could be extract for the 175 Lu(n,γ) reaction. Corrections should be necessary to subtract contribution from 176 Lu and 181 Ta. 181 Ta was found as pollutant of the natural foil. However, the SAMMY code can determine the proportion of each constituant and fit the measured cross section. There is a good agreement between DANCE data and fits from SAMMY using the ENDF/B-VII.0 evaluated data base.
Maxwellian-averaged (n,γ) cross sections on 176 Lu
Since cross sections have been measured over a wide energy range, the MACS can be extracted using the DANCE data. The Maxwellian-averaged (n,γ) cross sections in a stellar plasma of thermal energy kT is defined as in reference [13] . MACS can be defined as a sum of three integrals. The first integral I 1 is extracted from these DANCE data according to the formula 2 between thermal energy and 3 keV including the resonance region. The other two integrals, I 2 and I 3 , are taken from reference [3] .
Neutron energy (eV) The calculated MACS for the 176 Lu(n,γ) reaction at various thermal energies kT is given in Table 3 as well the recent values from Wisshak et al. [3] . Resonances have an increasing contribution to the MACS at low temperatures.
Conclusion
The DANCE detector provides us a very complete data set for the neutron capture study that can be used to improve reaction models. We can directly compare our results to the reaction models results in the keV region. In the resonance region, we are able to obtain valuable nuclear structure information from spin assignments. All of these results are relevant to fundamental nuclear properties and important input parameters for both reaction models and nuclear astrophysics. For the first time, we have obtained over a large neutron range the neutron capture cross sections on the 176 Lu and the 175 Lu isotopes. A very good agreement between the evaluated data for the 176 Lu and the 175 Lu and measurements is found.
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